ASDs and fine particulate matter is fairly consistent. 5, 6, 7 However, air pollution overall varies in its chemical composition across geographic regions and even seasons, and findings from studies examining individual constituent chemicals have not been consistent. 8, 9 "The motivation for this study was to identify which [hazardous air pollutants] are potential bad actors," says Amy Kalkbrenner, an epidemiologist at the University of Wisconsin-Milwaukee and lead study author.
Kalkbrenner and colleagues studied a group of 2,017 children from the Autism Genetic Resource Exchange (AGRE) cohort. The study group included both children with an ASD diagnosis and unaffected siblings. AGRE was formed in 1997 by Autism Speaks, an ASD advocacy organization. The study has yielded genetic data for more than 2,000 families of children with an ASD across the United States. 10 The researchers included families with at least one child born between 1994 and 2007. They obtained data from the U.S. Environmental Protection Agency on air pollutant concentrations during the study period. From those data, they estimated average annual air pollutant concentrations at each family's home address at the time of their child's birth.
The results showed that exposures to six hazardous air pollutants were associated with a significantly higher risk of being diagnosed with an ASD, whereas exposures to four others were associated with a lower risk of diagnosis. Among children with an ASD, two pollutants were associated with a significantly higher score for autism severity. Four were associated with lower ASD severity, including one of the pollutants that was associated with a lower risk of diagnosis.
Propionaldehyde and methyl tert-butyl ether (MTBE) had two of the strongest positive associations with ASD diagnosis. Each interquartile range increase in MTBE exposure was associated with a 2.33 times higher risk of being diagnosed with an ASD, and a comparable increase in propionaldehyde exposure was associated with a 1.92 times higher risk.
Propionaldehyde is a by-product of fossil fuel combustion. MTBE is a gasoline additive that was introduced as a replacement for tetraethyl lead. The additive was largely phased out in the United States in the mid-2000s 11 but is still widely used around the world. 12 The new findings, combined with prior studies, "point to a role for traffic-related air pollutants in the development of autism," says Kalkbrenner.
The study's focus on ASD severity is an important contribution, says Kristen Lyall, an environmental epidemiologist at the A.J. Drexel Autism Institute at Drexel University in Philadelphia. "Capturing severity of autism as well as broader autistic traits in both affected and unaffected individuals helps us learn more about whether these pollutants impact not just diagnosis but also subtler shifts in social functioning," says Lyall, who was not involved in the study.
The study design allowed the researchers to control for familylevel factors that are difficult to measure directly but that could influence the development of ASDs. These include not only genetic factors but also socioeconomic variables or measures of poverty to which all members of a family may be equally exposed, explains Kalkbrenner.
Though Hertz-Picciotto says the study moves "one step closer to identifying bad actors," the researchers were not able to definitively screen out air pollutants that truly are not risk factors for ASDs. One reason for this is the inherent risk of error involved in measuring human exposure to air pollutants. Another key consideration is that people are not exposed to just one or two pollutants at a time in real life. "A key remaining question is whether some associations could be driven by a mixture of air [pollutants] ," says Lyall. Future studies, she says, should investigate the influence of mixtures on ASD diagnosis and severity.
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